Abstract
Introduction
In order to examine if the impact of oil price shocks, on inflation and output, depends on the structure of an economy, a vertical (VSC) and a horizontal (HSC) long-run supply curve identification are successively imposed on a three variable VAR with Indian time series data. While core inflation is measured with the VSC, the HSC requires a new concept of demand-driven inflation: Residual (demand) inflation, which gives the impact of short and medium run demand shocks on inflation.
Simultaneity among macroeconomic variables implies that it is difficult to isolate the effect of oil price shocks. Even if a supply shock such as a rise in a key relative price shifts the aggregate supply curve, its effect on inflation would depend on the relative elasticities of aggregate demand and supply. Quah and Vahey (1995) argue that it is not possible to put restrictions on short-run demand and supply elasticities, but the aggregate supply curve can be taken as vertical in the long-run, at full employment. Therefore demand shocks cannot have a persistent long-run effect on output. This minimal theoretical assumption makes it possible for them to identify core inflation from a VAR model in inflation and output. They define core inflation as that due to long-run demand shocks that have no effect on output. In effect they assume two types of disturbances, each uncorrelated with the other. The first of these disturbances has no impact on real output in the medium to long run. The second has unrestricted effects on measured inflation and real output but does not affect core inflation. Bjornland (2001) adds oil prices in order to disentangle the effect of oil price shocks from the other two shocks, but follow the Quah and Vahey (1995) approach in allowing all type of shocks (including monetary disturbances) to drive core inflation, as long as the shocks are output neutral in the long run. The neutrality restriction relies on this assumption of a vertical long run Phillips curve, however the short run Phillips curve may be positively sloped, allowing for a temporary tradeoff between core inflation and real output. , in using this approach for the Indian economy, find the relative size of supply shocks on inflation are larger than that warranted by a vertical long-run supply. The size also exceeds that found in similar decompositions estimated in developed countries. They therefore attempt a second identification restriction in the dynamic two variable structural VAR--that demand shocks have no long run effect on inflation. This horizontal supply curve (HSC) identification is the opposite of the standard vertical supply curve (VSC). The latter may be a valid longrun approximation for a mature economy that is near full-employment. But in a densely populated low per-capita income country such as India, labour availability allows expansion of employment at a constant real wage, or one that rises with productivity, if frequent short-term supply shocks are relieved. Therefore, an elastic long-term supply curve may be a valid identification for such a country until it reaches full maturity and absorption of its labor surplus. Globalization and more foreign inflows have relaxed the foreign exchange constraint, which used to be one of the major bottlenecks. Even for mature economies there is an established literature that allows demand to have long-run effects either through multiple equilibria (Farmer, 1999) or through hysterisis effects (Blanchard and Summer, 1987) . Goyal and Pujari's results provide an indirect test of the identifications. A high elasticity of long run supply cannot be ruled out, because supply shocks have a large impact on inflation and demand has a large and persistent effect on output levels. But they find supply is subject to frequent shocks.
In the current paper, both the identifications are successively imposed to discover which identification is better corroborated by the Indian data when oil shocks are distinguished from the generic supply shock in . If, as we also find, the HSC provides a better fit, interesting implications follow for the persistence of supply shock led inflation, and its definition.
Eckstein (1981) first defined core or persistent inflation as the trend increase in the cost of production. According to Clarke (2001) core inflation should track the component of overall price change that is expected to persist for several years. It should capture just the component of price change that is common to all items and exclude changes in the relative prices of goods and services.
At any point of time the prices of some items will rise above the trend rate, while others will increase at a below trend rate or even fall. These shifts in the relative price of goods may be due to changes in the relative demand or supply (Bryan and Cecchetti 1994, Wynne 1999) . Whether the relative price changes are temporary (e.g. due to seasonal influences on food prices) or long lived (e.g. due to technology changes), the impact on the measured inflation rate should be temporary unless monetary policy validates the change in inflation rather than just the change in the price level arising from the shock. Consequently, relative price disturbances should typically be associated with the transient changes in the inflation, while the generalised or common component should tend to be more persistent. Core inflation should abstract from such relative price changes and isolate the common component in price changes that corresponds to the underlying trend in prices. Bryan and Cecchetti (1993) have argued that core inflation is the "long run, or persistent component of the measured price index, which is tied in some way to money growth."
According to Roger (1998) virtually all practical efforts to measure core inflation can be seen as trying to quantify one of the two broad concepts. One concept views core inflation as the persistent component of measured inflation. The second concept views core inflation as the generalised component of measured inflation.
Both are, however, associated with expectations and demand pressure components of measured inflation and exclude supply shocks. The definition of core inflation as the persistent element is reflected in the common tendency to describe the core inflation and trend inflation as essentially synonymous in keeping with the concept of core inflation as the persistant element of inflation. Quah and Vahey (1995) define core inflation "... as that component of measured inflation that has no medium to long run impact on real output." For the component of inflation to be output neutral over the medium to long run, it must be the component of inflation that feeds into or reflects inflation expectations. The difference between core and non-core inflation is essentially the difference between anticipated and unanticipated inflation. Whether supply disturbances can be characterised as having mainly transient impact on inflation will depend on the nature of the monetary policy regime, whether monetary policy accommodates the relative price shock or not.
If, however, the long-run supply curve is elastic, reducing policy demand components to lower inflation has a large output cost, and may not impact the wageprice-expectation response to relative price changes that implies a persistent upward shift in the supply curve in inflation and output space. In a low per capita income country efficiency wages imply that wages respond to expected price inflation of items in the consumption basket. Thus supply shocks raise inflation expectations and cause persistent inflation. Wages rise with costs of living, not with employment, so aggregate supply continues to be elastic, but at a higher level of wages. Monetary policy response has to be nuanced. Medium-run inflation targeting is useful to anchor inflationary expectations, but policy also has to act on elements including tax and exchange rates that shift down the supply curve. Moreover, demand-driven core inflation is not defined with the HSC since the identification restriction is that demand has no long run effect on inflation. Therefore, a new concept, residual (demand) inflation is proposed. This measures the impact of short and medium run demand shocks on inflation. Inflation persistence can occur despite monetary nonaccommodation of supply shocks, if output costs are high and mark-up countercyclical, and wage expectations respond to the supply shocks. Woodford (2003) argues that inflation targeting should be focused on the set of sticky prices since they change with lags and therefore create persistent distortions.
Commodity and asset prices can be left out since they tend to be flexible and adjust quickly. This is one reason it is useful to separately estimate oil price shocks. But we find policy intervention makes domestic oil prices sticky, yet not amenable to monetary tightening since they are administered not in a forward looking manner, but with populist considerations.
Three classes of results are obtained. First, regarding the structure of long-run aggregate supply; second, given this structure, the impact of policy on inflation and output; last, the impact of oil shocks and the policy intermediated pass-through. Core (demand) and residual (demand) inflation are both estimated for the Indian economy 2 .
Policy interventions in the oil sector are briefly discussed and the results from the VAR model are shown to be consistent with them.
The structure of the paper is as follows. Section two presents the methodology and identification technique. Section three discusses the data series and their transforms. Section four presents the empirical results, and Section five applies the results in the context of India's oil sector policy, before Section 6 concludes. The
Appendix reports some test results.
Methodology
Long run restrictions are imposed in order to estimate a three variable structural vector autoregression (SVAR) model. The variables output growth, aggregate, and oil price inflation are sufficient to identify three structural shocks, core (or residual) shocks, which are broadly demand shocks, non-core or supply shocks, and oil price shocks. Core (demand) inflation is identified as that component of inflation that has no long run effect on output and residual (demand) inflation as that caused by short and medium-run demand shocks after subtracting the identified supply and oil shocks.
No restriction is placed on the response of output and inflation to the oil price shocks.
Identification
Define z t as a vector of stationary macroeconomic variables:
Where Δo t is the first difference of the log of oil prices, Δy t is the first difference of the log of seasonally adjusted IIP, and π t ( Δp t) is the first difference of the log of the price index. A reduced form of z t can be modeled as:
( 1) Where A(L) is the matrix lag operator, A j refers to the autoregressive coefficient at lag j, A 0 = I (the identity matrix), e t is a vector of reduced form residuals, and Ω is the covariance matrix.
To get the structural model from the reduced form, a set of identifying restrictions have to be imposed. As all the variables in z t are stationary, it is a covariance stationary vector process. The Wold Representation Theorem says that under weak regularity conditions, a stationary process can be represented as an invertible distributed lag of serially uncorrelated disturbances. The implied moving average representation of (1) can be written as (ignoring the constant term for now):
Where C(L) = A(l) -1 and C(0) = I. As the elements in e t are contemporaneously correlated they cannot be interpreted as structural shocks. Imposing restrictions orthogonalizes the elements in the e t . A (restricted) form of the moving average containing the vector of original disturbances as linear combinations of the Wold Innovation can be found as:
Where ε t are orthogonal structural disturbances, which have been normalized so as to have unit variance, and cov(ε t )=I. With C 0 as the identity matrix (2) and (3) imply that e t = D 0 (ε t ), and C j D 0 = D j , or: The three serially uncorrelated orthogonal structural shocks are ε t =(ε t OP , ε t S ,
where ε t OP is the oil price shock, ε t S is the supply shock, ε t D is the demand shock.
The long run expression of (3) can be written as In the short run, however, core and non-core shocks are allowed to influence real oil prices. The long run restrictions 2 and 3 are feasible given that India is a small open economy that takes world prices as given.
Horizontal Supply Curve
Demand shocks have no impact on inflation in the long run if the long run supply curve is horizontal. So the first restriction becomes: With the three long run restrictions, the D(1) matrix will be lower triangular, which can be used to recover D 0 . If the long run expression of (4) is written as (4) and (5) imply that:
This can be calculated from the estimate of Ω and C(1). As the expression in (7) shows that D(1) is lower triangular, it can be the unique lower triangular Choleski Factor of C(1))ΩC(1)'. Let M denote the lower triangular Choleski Decomposition of (7), D 0 can be obtained as
Inflation is decomposed as the sum of the oil price shocks, supply, and demand shocks respectively:
The third component measures demand (residual) inflation. Similarly, output can also be decomposed as the sum of oil price shocks, supply, and demand shocks respectively:
The VSC as the identifying condition restricts the core inflationary shocks to be output neutral in the medium to the long run, however we do not restrict the length of the horizon it takes to be neutralized. The data reveals this through the impulse response function and serves as an indicator of the validity of the neutrality restriction. The identification scheme implies that non-core inflationary shocks should have little sustained impact on measured inflation. Hence, if the data does not support this hypothesis the identification procedure becomes inappropriate.
Data
The three variables in our structural VAR are, first difference of log of oil prices (real or nominal), first difference of the log of seasonally adjusted index of industrial production (IIP), and inflation measured as first difference of log wholesale price 
Empirical Results
To test for robustness of the results, the oil price SVAR is estimated with real and nominal dollar and FPLL oil prices; using WPI (all commodities); WPI excluding FPLL component. All these estimations are repeated for the vertical as well as the horizontal supply curve to test for differences due to Indian structure. 
Horizontal Supply Curve
The variables in the structural VAR model are in the following order, first difference of log real oil prices, second, first difference of the log of IIP index, third, first difference of the log of WPI index (all commodities). Figure 1 gives the impulse response function of core (demand) and non-core (supply) shocks up to 48 months before focusing on the variance decomposition (Table 2 ). The impulse response gives the accumulated response of inflation ( Figure   1A ) and real output ( Figure 1B) to each shock. A one standard deviation band around the point estimates is reported. 
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The impulse responses show fluctuations as before, but now core shocks lead to an immediate fall in output and rise in inflation. While positive supply shocks decrease inflation as before, output falls. A very important difference in this case is that oil shocks have a large and maximal immediate impact on inflation. That of other supply shocks is also higher.
Second, now demand shocks hardly affect output. The last result corresponds to that of the two variable HSC in . It suggests that the domestic pass makes supply inelastic in the short-run. Comparing estimated core inflation under the HSC with that estimated under the VSC, section 4.3, further supports this interpretation. The impulse responses show supply shocks to have an immediate negative effect on inflation; it then rises in few months and fluctuates before getting neutralized. Core (demand) shocks increase inflation initially but it then falls back, fluctuates, and takes a lot of time to get neutralized. Both supply and demand shocks immediately raise output while the oil prices increase inflation and decrease output at least in the short run before getting neutralized over the medium to long run. The FEVD results (Table   3) show that the oil and the other supply shocks explain about fifty percent of the variation in inflation after about a year (49.8% to be exact) and even after four years they still explain more than fifty five percent of the variation in inflation. Hence the VSC identification is not supported. While demand shocks account for 70 percent of 
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The impulse response is unchanged. Demand raises output and inflation on impact;
supply reduces inflation and increases output; oil ( a negative supply shock) has the opposite effect. An important point of difference is that the initial contribution of oil shocks to inflation is higher and that of core (demand) shocks lower. The effect on output is mainly due to supply shocks as before, while the effect of demand shocks on output is marginally higher than in VSC Case 1. The rest of the analysis is the same as for the previous sections.
Properties of demand-determined inflation
Core (demand) inflation has been derived as the long run demand component of headline inflation in the VSC case, while residual (demand) inflation gives the inflation due to short-and medium-run demand in the HSC case. The results, together with summary statistics for inflation, are presented first for the HSC and then for the VSC. Table 5 gives the properties of demand-determined and headline inflation. Correlation coefficient = -0.42
Horizontal Supply Curve
The correlation between residual and headline inflation turns out to be negative. The means are similar. The standard deviation of residual inflation is more than that of headline inflation. While the headline inflation is positively skewed residual inflation is negatively skewed. 3 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 headline Annual core and headline inflation have been calculated by summing up monthly changes. Results of this calculation using nominal oil prices and WPI removing the FPLL component do not differ qualitatively. The general trend with HSC identification is that residual inflation moves closely with headline inflation, but peaks after headline inflation, and often exceeds it implying that policy reaction to headline inflation aggravates residual inflation. Correlation coefficient = 0.69 Correlation coefficient = 0.37
Vertical supply curve
The correlation comes out to be positive between the core (demand) and headline inflation, and is significant. The core or demand inflation has zero mean and is left skewed, although headline is right skewed. The correlation coefficient is 0.37, which is significant. 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 headline core
Under the VSC identification ( Figure 6 ) core inflation moves with headline inflation; it follows headline inflation closely, but always lies below it. Core inflation was often negative during the nineties suggesting that demand was below potential supply. The results obtained here are very similar to those in Unit root tests for demand and headline inflation show both to be stationary. Granger causality tests (see Table 11 , appendix) validate the exogeneity of the oil price series-domestic inflation does not granger cause oil prices. Mutual causality between headline and demand inflation supports the HSC identification since estimated core inflation under VSC should be independent of supply shocks, while the residual demand shocks under HSC would respond to headline inflation.
Discussion of the Results
We discuss the three classes of results obtained from estimation of the SVAR, Under HSC residual (demand) inflation (headline minus supply and oil shocks on inflation) is always positive, and exceeds and leads headline most years. Under VSC core demand inflation is normally lower than headline, and often negative, implying a policy demand squeeze that aggravated supply shocks. A fall in demand (as shown by the VSC identification) manifested as a rise in residual inflation in the HSC. This may imply that firms set countercyclical mark-ups, so that inflation rises in periods of policy demand squeeze. If authorities believe that supply is inelastic and excess demand needs to be reduced when inflation rises after a supply shock, firms would raise mark-ups further pushing up the supply curve, and aggravating inflation. There is a high output cost to policy attempts to reduce inflation when supply is elastic. The conclusion follows that the structure of Indian administered prices delayed the impact of dollar oil price shocks but over time resulted in cumulative inflation higher than mandated by international oil shocks, at high output cost. Demand squeeze cum administered prices and taxes kept inflation high and reduced output growth. Since long-run supply was elastic, a demand squeeze was not able to lower inflation, and administrative measures harmed supply efficiencies and raised cost. Domestic oil prices never fell.
Policy interventions in the oil sector
India has among the highest taxation of the oil sector-only Europe has more 10 . Many committees appointed, over the years, to consider oil pricing (Rangarajan, 2005) have struggled with the conflicting demands of stabilization, cross subsidization, conservation, revenues and efficiency. Since the share of ad-valorum duties is large compared to specific duties, government revenues rise steeply with dollar fuel prices.
Oil revenues account for about one-third of the sales tax collections of the States.
Heavy taxes on petroleum and aviation fuel subsidize diesel and kerosene, the common man's fuel. The structure of Indian oil pricing deferred the impact of an international oil price rise on the Indian consumer, but the lack of competition led to cost padding by refineries implying prices that remained higher than necessary over time. High taxes may be justified from the conservation point of view, but they should not rise with external oil price shocks.
An administered pricing mechanism, which was basically cost plus with an oil pool account for stabilization and cross subsidization, was set up in 1974, after the first oil shock. In dismantling this administered price structure in the late nineties, as part of the liberalizing reforms, import parity pricing had been agreed on for domestic refineries. But this continued to give them protection, allowed cost padding for profits, and denied the consumer the benefit of lower Indian costs of processing.
Although India is a large importer of crude it is a net exporter of refined petroleum products. The rebalancing to make the changes revenue neutral had also increased excise while reducing custom duties. The share of specific duties had been raised decreasing that of ad valorum duties. After dollar oil prices began to rise in 2003 government reduced duties on raw crude to 5 per cent while those on refined products continued at 10 per cent. But the States continued to impose large and variable ad valorum duties. There was some rise in retail prices but all the price increase was not passed on to the consumer, and the oil majors had to share the subsidy burden. In 2006 as oil prices fell to $65, the decrease was not passed on either, with the ministry saying that retail price levels would be reviewed after international prices fell to below $52. In effect, administered prices continued.
The Rangarajan committee (2005) recommended a weighted average of export-parity (one-third) and import-parity pricing. But uniform low duties on crude and products, and free competitive entry in retail would be more transparent and less interventionist.
It would lower refining costs, eventually passing these on to the consumer. Some stabilization is necessary, especially for transient oil shocks, but more pass-through of prices to the consumer will encourage conservation and the development of oilsubstitutes. More of stabilization should be in the form of adjustment in the exchange rate and lower taxes, or at least a shift to specific taxes that reduce price volatility.
Rapid technological developments are lowering the cost of alternative fuels, such as ethanol, and the government should systematically encourage their use. The latter has the potential to make agriculture remunerative and alleviate farmer distress and the requirement for agricultural subsidies as agricultural products shrink in the consumption basket. In 2006 the ministry did announce an initiative to mix ethanol with petrol.
Conclusions
Since data supports the HSC, it implies an elastic long-term supply curve may be a valid identification for a developing country until it reaches full maturity and absorption of its labor surplus. But since policy conclusions are drawn from both the HSC and VSC result they are robust. Both identifications suggest that policy demand squeeze aggravated international oil price shocks. Demand inflation is sharply negative in the VSC, during periods of industrial slowdown, and increases residual inflation above headline in the HSC. The overall validation of the HSC suggests that maintaining demand under negative supply shocks, if inflationary wage-price expectations are anchored through supply-side policies, may be benign for inflation, in the current state of the Indian labour market.
A transparent regime of inflation forecast targeting would make it possible to avoid the sharp demand squeezes while anchoring the inflation expectations that enter into and contribute to persistent upward shifts of the supply curve in response to relative price shocks. But policies that shift the supply curve in the opposite direction in response to a temporary supply shock will be required to contain inflationary
expectations. An example of such a policy is an exchange rate appreciation coinciding with a temporary rise in oil prices.
Oil shocks are distinguished from the generic supply shock, and their impact on inflation and output estimated. The structure of FEVD results is similar to when domestic oil prices are used, but demand turns out to have a large output effect when international oil prices are used in the VAR. The results suggest that long-run supply is elastic in India but a policy demand squeeze accompanying negative supply shocks pushes up the supply curve more. There was some stabilization of domestic oil prices but administrative measures harmed supply efficiencies and raised cost. Despite monetary non-accommodation of supply shocks, inflation persisted as countercyclical mark-ups pushed up an elastic long-run supply.
Output costs were high. Sustained oil shocks should be passed on to the consumer gradually, but she must also get the benefit of negative oil shocks while sharing in the pain of positive oil shocks. Reform in Indian oil markets should allow prices to fall as well as rise.
show that using a lag length, which is too parsimonious, can significantly bias the estimation of the structural components. 
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